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ABSTRACT

An important goal of Ncw Millennium is to research new methods of performing
spacecraft and mission design. We have completed the first phase of our cffort on how
to make design tools such as analysis programs more available. We arc now embarking
with Stanford University on discovering methods to allow more project history and
knowledge to be automatically captured and reused and with Ames Research Center on
how to usc virtua reality to enhance the visualization of new missions before any
hardware exists. We arc also trying to capture the design process in an electronic form
so that computer aided optimization may lead to a vastly greater search of the possible

designs which meet the design requirements.

1.0 INTRODUCTION

Animportant goal of Ncw Millennium
is to research new methods of
performing spacecraft and mission
design. In this era of shrinking federal
budgetsin the USA wc need to
dramatically improve our efficiency in
the design process. Fig. 1 shows how
the number of launches has decreased
over the years as spacecraft mass has
increased. NASA has committed to
increasing the number of launches over
the next few years by drastically
reducing the size and mass of the
spacecraft. This puts a tremendous
strain on the designers. 1 f traditional
design methods were employed, many
skillswould have to be duplicated at
great cost. We have come up with a

method which captures much of the
experts expertise in a dataflow design
graph. Thisis not a“knowledge” based
approach in the usual sense but is
rather a prescriptive representation of
the methodol ogy that an expert would
usc in designing, some aspect of the
spacecraft. This design graph, called a
methogram, is usable by a generalist
who is then able to design a spacecraft
with avery small team.

The first generation of
microspacecrafl is aready in design but
wc will be introducing our new design
tools in time for the second generation.
There arc several features that wc wish
to be able to offer such designers
besides the availability of captured
design knowledge.



» Scamlessly connectable analysis
tool set

.Simulated immersive mission
validation

.Immediate access to written
material germanc to past decisions

We have completed the first phase of
our effort on how to make design tools
such as analysis programs more
available. We arc now embarking with
Stanford University on discovering

methods to allow more project history
and knowledge to be automaticaly
captured and reused and with Ames
Research Center on how to usc
immersive design to enhance the
visualization of new missions before
any hardware exists. We arc aso trying
to capture the design processin an
electronic form so that computer aided
optimization may lead to a vastly
greater search of the possible designs
which meet the requirements

Mas: «a) Launch
(per
Launch Mass ...
Launch Frequency
Mars Observer, Cassini o
1000 :
--Voyager .
Stardust -
Mars98 Orbiter
i ‘ 10
Ranger, Pioneer
 Surveyor
100 / l
First Generation 5
microspacecraft
Second G;énara‘tion
Microspacecratft
10
2015
1955 1985
Year

Fig. 1: Proposed JPL Launch Schedule



.2.0 BACKGROUND

An important function of the NASA
Ncw Millennium program is to put
together a set of design tools which arc
integrated, span i fc cycle, enhance
productivity, capture knowledge, and
alow virtua prototyping and
systematic treatment of performance,
cost and risk. This umbrella effort is
caled "Integrated Design Systems" and
covers severa individua products to
aid designers in producing better
spacecraft at lower cost while taking
less time.

in 1993, wc began a collaboration
with Lockheed Martin Corp. to
produce a design environment where it
was easy to integrate new design tools
(for example, analysis programs) and to
describe the data flow through
collections of these tools so as to
produce resultsto aid in the decision
making. This environment, called the
Multidisciplinary Intcgrated Design
Assistant For Systems (MIDAS) has
been in usc now for several years at
JPL with notable success.

Building on this base wc arc now
working on two separate areas of
Integrated Design Systems. Oneisa
collaboration with Stanford University
to allow the automatic capture of
design history asit occurs and allow for
the recovery of the history when
requested by later designers. The other
isto add aimmersive design system
(Interpretive Product Design
Environment, 1IPDE) which will alow
designers to examine and test their
designs before any hardware exists. A
key part of the IPDE is to connect it
directly to the MIDAS system so that
the full tool set is available from within
the IPDE. Recently wc have teamed
with Ames Research Center to take
advantage of their knowledge of
immersive design.

3.0 TOOL BASE

Integrated Design Systems requires the
best design tools for spacecraft and
missions. Whenever possible wc usc
start-of-the-art tools but sometimes can
only find best-practice tools. Certain of
these technologies arc available
commercialy, and the spacecraft
industry is using them to some degree.
Other tools arc “home-grown” and still
others arc in development, such as
probabilistic analysis methods.

The early Ncw Millennium
missions arc bench marking existing
tools, customizing them for the new
process as it emerges and clearly
defining to the commercia suppliers
what must be added and enhanced for
the complete seamless development of
next millennium spacecraft.

4.0 MIDAS

MIDAS is adesign infrastructure
developed at JPL to integrate these
tools and present the user with a“plug
and play” interface which allows many
of the goals of Integrated Design
Systems to be met. MIDAS provides a
database of components, analysis tools,
visualization tools, drawings, and
documents. A designer is able to access
these items and scamlessly usc them to
come up with an optimized design
methodology. The methodology is
generated graphically ("methogram™)
and describes the process that the
designer is accustomed to following
when making decisions about the form
and attributes of each component. The
methogram can be saved in the database
and reused either in another part of the
design or in a later design. There arc
many processes in spacecraft design
which arc quite straightfonvard and



repeated each time a new design comes
aong.

Such processes arc candidates to be
transferred into mcthograms. For
example, a certain shape may be chosen
with beginning dimensions, a thermal
analysis run, a new dimension based on
the results of the analysis chosen, and
the process repeated until satisfactory
analysis results found. All of these
steps make up a methogram which can
be executed on asupercomputer or a
network of workstations automatically.

After designing the mcthogram, the
operator needs to debug it using
MIDAS facilities until the operator
feels that the methogram is as general
and detailed as possible.

A designer, who mayor may not
be the originator of the methogram, can
then provide the input, in the form of
design requirements, and execute the
methodol ogy to arrive at the point
design. If the requirements change (as
they nearly always do) the designer can
repeat the process in a matter of
minutes instead of having to manually
go through al the design steps
necessary.

5.0 CAPTURING DESIGN
HISTORY

The Stanford University Center For
Design Research (CDR) has been
working for severa years on the general
subject area of capturing design
decision making in electronic form.
One of the biggest problem areasisin
terms of interpretation. Design
decisions arc not always based on
technical concerns. Sometimes a
component is chosen because it is
available from a supplier or enables
spacecraft assembly to be facilitated.
Decisions must then be interpreted by
people from different organizations -
procurement, manufacturing and

finance for example. The CDR
product, the "Interdisciplinary
Communication Medium (ICM)"
facilitates this process. It alows each
user to customize the captured
knowledge so that it is couched in
terms that they understand. Stanford is
presently working to add new features
to ICM to automatically import
knowledge from design meetings and
written communications without the
designers having to manually type it in.

6.0 INTERPRETIVE PRODUCT
DESIGN ENVIRONMENT

MIDAS was successful in linking the
components and the analysis tools to
be able to tell how good the present
design was, but the IPDE will add the
capabilities to make the design as good
as it can be. We arc using a commercial
immersive design system from MuSE
Technology to visualize the spacecraft
and the target body. The Muse system
iSconnected to MIDAS running on a
separate platform by means of a
Common Object Request Broker
Architecture (CORBA) compliant
interface. The Muse system acts as a
client to anew product derived from
MIDAS caled the “Millennia Engine’.
The Millennia Engine is essentially
MIDAS without its user interface. The
Muse system now provides the user
interface by alowing the designer to
explore the design in immersive design.
At voice command, the user can request
that a certain analysis tool or
mecthogram be connected to a
component of the design. The tool or
methogram is then executed and the
results presented to the designer using
advanced visualization techniques.
This presentation may be through
colors applied to the surface of the



component, by posting graphs of The technology employed in the

various kinds in the virtual world, by IPDE is that of persistent objects
producing various sounds. These data which can be passed between system
presentation methods have been shown elements (i.e. computers) using the
to increase the efficiency ofa designer Common Object Request Broker

by up to 100 times over standard flat Architecture (CORBA).

screen displays.

6.1 Object Design

The following objects arc a minimal set of object definitions for the system

(1) Hardware components including attributes
Name
Permanent 1D
Dimensions
Material
Tolcrances
3D CAD type graphical representation
2D Icon type graphical representation
Function
Estimated Cost
Availability

(2) Analysis or simulation tools including attributes
Name
Version
Language
Host(s) where available
Inputs
outputs

(3) Projects including
Name
Defined Roles
Documents such as Requirements
Staff
Budget

(4) Mcthograms including
Name
Subcomponents
Access

(5) Interpretation tools including
Name
Role



Preferred Terms
Design History

(6) Available computing resources including
Name
1P number
Communications Protocols

Figure 2 shows how these objects will be linked by various relationships (different
from MIDAS type relations) by giving pointers to each object. Sonic example
relations will include:

Schemas
1
described by
Ny N
Components * Inter pr et at ions
N 1 interpreted by
! consisks of
analysed by
Projects N
Met hogr am
1 connects
\ N
Tool S
1
runnable on
Computer N
Fig. 2 Relationships Between Data Elements
In thisdrawing aline with N at onc end that there may be N computers on
and 1 at the other means that there may which a particular tool can be run. The
be N objects of that type which arc line above that says that a mcthogram
related to 1at the other end of the arc. may require N toolsto be run.

So, for example, the lowest line shows



~_ Within the hardware components An example of such relationsis as
which make up the spacecraft design followsin Fig. 3:

there arc relations which arc also

managed by the database.

Spacecraft
/ \sm\
Telemetry Subsystem Power Subsystem  Structure Subsystem
supplies power to
consis{s of
Antenna Modulator Encoder

Fig. 3 Relationships Between Hardware Components

6.2 Access To The Database They arc presently being transferred to
the design database.

The database provides a CORBA

compatible interface for al these

objects. In the MIDAS Project JPL 6.3 Overal Architecture

has already defined CORBA interface

objects for some of these including Basced on the above discussion, the

Projects, Schemas, Mcthograms, Tools, overall software architecture for the

Computers MUSE based Integrated Product Design
These objects arc presently part of tool looks like:

the millennia engine internal database.



"Run
Methogram"

Peripheral
Devices
{Boom,
Voice,

Joysticks)
Shared Memo
N

SGI Gateway

CORBA Client

Analysis

Results terpreted History

D graphlca}l CORBA Server
resentations
G\terpretive Tools )

CORBA Client

Analysis Tool
Analysis Tool
Analysis Tool

Analysis Tool

CORBA Server r

Millennia Engine )

CORBA Client

Project History
Components

CORBA Server

Object
Database

L

Fig.4 Interpretive Design Product Environment
The MUSE system is connected in with to communicate with Muse using their
the SGI Gateway software presently shared memory interface.

under design. This software will be a
CORBA client with the code necessary



The Millennia Engine will maintain its
ability to run methograms but will no
longer store them. This function will
be transferred to the Ilusira database.
The Enginc will request the information
about the methograms from the
database as needed by adding a client
component.

While the above architecture
represents the MuSE system
configuration, there will be lots of other
specialized architectures such as simple
traditional MIDAS configurations.

To assist the human designer
working from within the IPDE, wc plan

7.0 SCENE GENERATION (AUTHORING)

to offer a“virtual human” assistant,
Designers arc often senior employees
who arc put off by

high tech equipment. We hope that the
virtua human will be lifelike enough
that he will case some of their concerns.
Woc arc using the “Jack” product from
the University of Pennsylvania for our
virtual human. Jack will offer advice
about how to usc the equipment when
reguested by the user. He will also be
able to undertake tasks such as search
for a particular methogram or standard
component which might be uscful to
the designer.

Fig. 5 An Example Of A Scene In An Immersive Environment

A design scenario for the year 2000
might consist of a spacecraft designer
gitting at a control boom and looking at
the scene shown in Fig. 6 which
consists of a SIM spacecraft in orbit
around the Earth. With avoice
command, the designer can stop time
and point the spacecraft to the star that
it is observing. The designer can then
request that a calculation of the light
path through the optical system be

performed using the JPL 1-MOS
software. The results would return in
the form of twin light paths becoming
visible on the spacecraft image. The
designer could then say "Remove panel
A* and this would be done showing the
light path interior to the spacecraft.
They could then make some
modification to amirror position and
redo the calculation ali with voice
command. Then it would be possible



to ask Jack why the mirror position
was so close to the telemetry and Jack
will search the data base and reply
verbally by repeating the conversions
that were exchanged on the subject in
1998.

All of the visual elements in this
scenario need to be created (“authored”)
using a immersive design authoring tool.
We are presently working with a
Canadian company called Virtual
Prototypes Inc. to evaluate their tool
kit to perform this function. Wc
believe that their object-oriented data
driven approach will give us what wc
need. We belicve also that their
animation methodology using direct tie
in of data from simulations into scene
parameters may work for us though
integrating this into the MuSE
environment will present a challenge.

8.0 CONCLUSIONS

The immersive design center is coming
soon, All the pieces arc now available

and graphics technology is fast enough
to support them. Voice recognition is

also developed to the point where
annoying delays are minimized though
parsing and data retrieval arc still
marginal on the time required to
perform these functions. Strategies to
divert the user during these delays arc
being actively investigated and some
preliminary results point the way to
overcoming this technologica
weakness,

Within ten years we feel that fully
integrated voice activated design
systems will be widespread and lead to
faster and more fully optimized designs
becoming ubiquitous.

The work described in this paper was
performed «t Jet Propulsion
Laboratory, California Institute Of
Technology under a contract with the

National Aeronautics And Space
Administration and the Advanced
Research Projects Administration
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ABSTRACT

An important goal of New Millennium is to research new methods of performing
spacecraft and mission design. We have completed the first phase of our effort on how
to make design tools such as analysis programs more available. We arc now embarking
with Stanford University on discovering methods to allow more project history and
knowledge to be automatically captured and reused and with Ames Research Center on
how to use virtual reality to enhance the visualization of new missions before any
hardware exists. We are also trying to capture the design process in an electronic form
so that computer aided optimization may lead to a vastly greater search of the possible

designs which meet the design requirements.

1.0 INTRODUCTION

An important goal of Ncw Millennium
is to research new methods of
performing spacecraft and mission
design. In this era of shrinking federal
budgets in the USA wc need to
dramatically improve our efficiency in
the design process. Fig. 1 shows how
the number of launches has decreased
over the years as spacecraft mass has
increased. NASA has committed to
increasing the number of launches over
the next few years by drastically
reducing the size and mass of the
spacecraft. This puts a tremendous
strain on the designers. If traditional
design methods were employed, many
skills would have to be duplicated at
great cost. We have come up with a

method which captures much of the
experts expertise in a dataflow design
graph. Thisis not a“knowledge” based
approach in the usual sense but is
rather a prescriptive representation of
the methodology that an expert would
usc in designing some aspect of the
spacecraft. This design graph, caled a
methogram, is usable b y a generali st
who is then able to design a spacecraft
with avery small team.

The first generation of
microspacecraft is aready in design but
wc will be introducing our new design
tools in time for the second generation.
There arc several features that wc wish
to be able to offer such designers
besides the availability of captured
design knowledge.



. .-Scamlessly connectable analysis
tool set

.Simulated immersive mission
validation

.Immediate access to written
material germane to past decisions

We have completed the first phase of
our effort on how to make design tools
such as analysis programs more
available. We are now embarking with
Stanford University on discovering

Mass «a)

methods to allow more proj cct history
and knowledge to be automatically
captured and reused and with Ames
Research Center on how to usc
immersive design to enhance the
visualization of ncw missions before
any hardware exists. We arc also trying
to capture the design process in an
electronic form so that computer aided
optimization may lead to a vastly
greater search of the possible designs
which meet the requirements
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,2,0 BACKGROUND

An important function of thc NASA
New Millennium program is to put
together a set of design toolswhich arc
integrated, span life cycle, enhance
productivity, capture knowledge, and
alow virtual prototyping and
systematic treatment of performance,
cost and risk. This umbrella effort is
caled “Integrated Design System” and
covers severa individua products to
aid designers in producing better
spacecraft at lower cost while taking
less time.

In 1993, wc began a collaboration
with Lockheed Martin Corp. to
produce a design environment where it
was easy to integrate ncw design tools
(for example, analysis programs) and to
describe the data flow through
collections of these tools so asto
produce resultsto aid in the decision
making. This environment, called the
Multidisciplinary Intcgrated Design
Assistant For Systems (MIDAS) has
been in usc now for several years at
JPL with notable success.

Building on this base wc arc now
working on two separate areas of
Integrated Design Systems. Onc is a
collaboration with Stanford University
to allow the automatic capture of
design history asit occurs and allow for
the recovery of the history when
requested by later designers. The other
isto add a immersive design system
(Interpretive Product Design
Environment, IPDE) which will alow
designers to examine and test their
designs before any hardware exists. A
key part of the IPDE is to connect it
directly to the MIDAS system so that
the full tool set is available from within
the IPDE. Recently wc have teamed
with Ames Research Center to take
advantage of their knowledge of
immersive design.

3.0 TOOL BASE

Integrated Design Systems requires the
best design tools for spacecraft and
missions. Whenever possible we usc
start-of-the-art tools but sometimes can
only find best-practice tools. Certain of
these technologies are available
commercialy, and the spacecraft
industry is using them to some degree.
Other tools arc “home-grown” and till
others arc in development, such as
probabilistic analysis methods.

The carly Ncw Millennium
missions arc bench marking existing
tools, customizing them for the new
process as it emerges and clearly
defining to the commercia suppliers
what must be added and enhanced for
the compl ete seamless development of
next millennium spacecraft.

4,0 MIDAS

MIDAS is adesign infrastructure
developed at JPL to integrate these
tools and present the user with a “plug
and play” interface which alows many
of the goals of Integrated Design
Systems to be met. MIDAS provides a
database of components, analysis tools,
visualization tools, drawings, and
documents. A designer is able to access
these items and scamlessly usc them to
come up with an optimized design
methodology. The methodology is
generated graphically ("methogram")
and describes the process that the
designer is accustomed to following
when making decisions about the form
and attributes of each component, The
methogram can be saved in the database
and reused either in another part of the
design or in a later design. There arc
many processes in spacecraft design
which arc quite straightforward and



-

, repeated each time ancw design conics
aong.

Such processes are candidates to be
transferred into methograms. For
example, a certain shape may be chosen
with beginning dimensions, a thermal
analysis run, a new dimension based on
the results of the analysis chosen, and
the process repeated until satisfactory
analysis results found. All of these
steps make up a methogram which can
bc executed on asupercomputer or a
network of workstations automatically.

After designing the methogram, the
operator needs to debug it using
MIDAS facilities until the operator
feels that the methogram is as general
and detailed as possible.

A designer, who mayor may not
be the originator of the methogram, can
then provide the input, in the form of
design requirements, and execute the
methodol ogy to arrive at the point
design. If the requirements change (as
they nearly always do) the designer can
repeat the process in a matter of
minutes instead of having to manualy
go through al the design steps
nccessary.

5.0 CAPTURING DESIGN
HISTORY

The Stanford University Center For
Design Research (CDR) has been
working for several years on the general
subj cct area of capturing design
decision making in electronic form.
One of the biggest problem areasisin
terms of interpretation. Design
decisions arc not always based on
technical concerns. Sometimes a
component is chosen because it is
available from a supplier or enables
spacecraft assembly to be facilitated.
Decisions must then be interpreted by
people from different organizations -
procurement, manufacturing and

finance for example. The CDR
product, the “Interdisciplinary
Communication Medium (ICM)”
facilitates this process. It alows each
user to customize the captured
knowledge so that it is couched in
terms that they understand. Stanford is
presently working to add new features
to ICM to automatically import
knowledge from design meetings and
written communications without the
designers having to manually type it in.

6.0 INTERPRETIVE PRODUCT
DESIGN ENVIRONMENT

MIDAS was successful in linking the
components and the analysis tools to
be able to tell how good the present
design was, but the IPDE will add the
capabilities to make the design as good
asit can be. We arc using a commercial
immersive design system from MuSE
Technology to visualize the spacecraft
and the target body. The Muse system
is connected to MI DAS running on a
separate platform by means of a
Common Object Request Broker
Architecture (CORBA) compliant
interface. The Muse system acts as a
client to a new product derived from
MIDAS called the “Millennia Engine’.
The Millennia Engine is essentially
MIDAS without its user interface. The
Muse system now provides the user
interface by allowing the designer to
explore the design in immersive design.
At voice command, the user can request
that a certain analysis tool or
methogram be connected to a
component of the design. The tool or
mcthogram is then executed and the
results presented to the designer using
advanced visualization techniques.

This presentation may be through
colors applied to the surface of the



component, by posting graphs of The technology employed in the

various kinds in the virtual world, by IPDE isthat of persistent objects
producing various sounds. These data which can be passed between system
presentation methods have been shown clements (i.e. computers) using the
to increase the efficiency of a designer Common Object Request Broker

by up to 100 times over standard flat Architccture (CORBA).

screen displays.

6.1 Object Design

The following objects arc aminimal set of object definitions for the system

(1) Hardware components including attributes
Name
Permanent 1D
Dimensions
Material
Tolerances
3D CAD type graphical representation
2D Icon type graphical representation
Function
Estimated Cost
Availability

(2) Analysis or simulation tools including attributes
Name
Version
Language
Host(s) where available
Inputs
Outputs

(3) Projects including
Name
Defined Roles
Documents such as Requircments
Staff
Budget

(4) Methograms including
Name
Subcomponcnts
Access

(5) Interpretation tools including
Name
Role



Preferred Terms
Design History

(6) Available computing resources including
Name

1P number
Communications Protocols

Figure 2 shows how these objects will be linked by various relationships (different

from M IDAS type relations) by giving pointers to each object. Some example
relations will include:

Schemas
1
described by
Ny N
Components * Inter pr et at ions
N | interpreted by
| consists of
analysed by
/ \
Projects N
Met hogr am
1 connects
\ N
Tool S
1
runnable on
Computer N
Fig. 2 Relationships Between Data Elements
In this drawing aline with N at onc end that there may be N computers on
and 1 at the other means that there may which a particular tool can be run. The
be N objects of that type which arc linc above that says that amcthogram
related to 1 at the other end of the arc. may require N tools to be run.

So, for example, the lowest line shows



., Within the hardware components An example of such relations is as
which make up the spacecraft design followsin Fig. 3:

there arc relations which are also

managed by the database.

Spacecraft
/\\
Tele metry Subsystem Power Subsystem Structure Subsystem
supplies power to
consisys of
Antenna Modulator Encoder

Fig. 3 Relationships Between Hardware Components

6.2 Access To The Database They arc presently being transferred to
the design database.

The database provides aCORBA

compatible interface for al these

objects. In the MIDAS Project JPL 6.3 Overall Architecture

has aready defined CORBA interface

objects for some of these including Based on the above discussion, the

Projects, Schemas, Methograms, Tools, overal software architecture for the

Computers MuSE based Integrated Product Design
These objects arc presently part of tool looks like:

the millennia engine interna database.
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to communicate with Muse using their

The MUSE system is connected in with
shared memory interface.

the SGI Gateway software presently
under design. This software will be a
CORBA client with the code necessary



“The Millennia Engine will maintain its
ability to run methograms but will no
longer store them. This function will
be transferred to the Hlustra database.
The Enginc will request the information
about the methograms from the
database as needed by adding a client
component.

While the above architecture
represents the MUuSE system
configuration, there will be lots of other
specialized architectures such as smple
traditiona MIDAS configurations.

To assist the human designer
working from within the 1 PDE, wc plan

7.0 SCENE GI3NERATION (AUTHORING)

v
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to offer a “virtual human” assistant.
Designers are often senior employees
who are put off by

high tech equipment. We hope that the
virtual human will be lifelike enough
that he will case some of their concerns.
Woc are using the “Jack” product from
the University of Pennsylvania for our
virtual human. Jack will offer advice
about how to usc the equipment when
requested by the user. He will also be
able to undertake tasks such as search
for a particular methogram or standard
component which might be useful to
the designer.

Fig. 5 An Example Of A Scene In An Immersive Environment

A design scenario for the year 2000
might consist of a spacecraft designer
sitting a a control boom and looking at
the scene shown in Fig. 6 which
consists of a SIM spacecraft in orbit
around the Earth. With a voice
command, the designer can stop time
and point the spacecraft to the star that
it is observing. The designer can then
request that a calculation of the light
path through the optical system be

performed using the JPL I-MOS
software. The results would return in
the form of twin light paths becoming
visible on the spacecraft image. The
designer could then say "Remove panel
A* and this would be done showing the
light path interior to the spacecraft.
They could then make some
modification to amirror position and
redo the calculation all with voice
command. Then it would be possible



1o ask Jack why the mirror position

- was so close to the telemetry and Jack
will search the data base and reply
verbally by repeating the conversions
that were exchanged on the subject in
1998.

All of the visual elements in this
scenario need to be created (“authored”)
using a immersive design authoring tool.
We arc presently working with a
Canadian company called Virtual
Prototypes Inc. to evaluate their tool
kit to perform this function. We
believe that their object-oriented data
driven approach will give us what wc
need. We believe also that their
animation methodology using direct tic
in of data from simulations into scene
parameters may work for us though
integrating this into the MuSE
environment will present a challenge.

8.0 CONCLUSIONS

The immersive design center is coming
soon. All the pieces arc now available
and graphics technology is fast enough
to support them. Voice recognition is
also developed to the point where
annoying delays arc minimized though
parsing and data retrieval arc still
marginal on the time required to
perform these functions. Strategies to
divert the user during these delays arc
being actively investigated and some
preliminary results point the way to
overcoming this technological
weakness.

Within ten years we feel that fully
integrated voice activated design
systems will be widespread and lead to
faster and more fully optimized designs
becoming ubiquitous.
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